Abstract Evidence indicates that there is a substantial inflammatory component associated with COPD and that this inflammation is increased during the acute exacerbation. The role of inhaled steroids in COPD has been established through a variety of studies. Inhaled steroids are most effective when given in conjunction with longacting beta agonists. In those circumstances, patients have an improvement in quality of life, lessening of dyspnea, reduced use of rescue medications, and, in some studies, fewer exacerbations. The side effects associated with inhaled steroid use include an increase in the incidence of pneumonia and cataracts. National recommendations are for the use of inhaled steroids only in conjunction with a long-acting beta agonist.
Introduction
Inhaled corticosteroids (ICS) have been studied as a treatment option either alone or in combination with beta agonists in the treatment of chronic obstructive pulmonary disease (COPD) for a number of years. The nature and method of effectiveness has been the subject of considerable study. Various organizations have promulgated guidelines for the indications for ICS in the management of COPD. This article will outline the rationale, evidence and recommendations for the use of ICS in the management of this disease.
COPD is a heterogeneous group of structural and functional lung disorders most commonly associated with long-term cigarette smoking. The disease is characterized by airway destruction, inflammation, and air flow limitation in various combinations. COPD affects both the airways and the alveoli. It is characterized by both cellular and other markers of inflammation. It is thought that the degree of inflammation increases as the disease severity progresses. Prior studies have shown that progression of COPD through stages of severity is associated with an increase in inflammatory exudates and airway wall tissue volume [1] . It is also associated with an increase in polymorphonuclear neutrophils, macrophages, CD4? cells, CD8? cells, B cells, and lymphoid aggregates. The effects of cigarette smoking, even prior to the development of clinical COPD are associated with an increase in both macrophages and neutrophils [2] . Peribronchiolar inflammation is thought to be associated with the development of centrilobular emphysema. Elevated levels of inflammatory biomarkers such as C-reactive protein, fibrinogen, and leukocytes are associated with an increased risk of COPD exacerbations [3 • ].
Studies have shown that treatment with ICS for a period of a month is associated with a decrease in mucosal mast cells [4] . Even during a shorter treatment period, the use of inhaled fluticasone has been found to be associated with reduced levels of tumor necrosis factor, interferon, L-selectin, and intercellular effusion molecule [5] . Inhaled budesonide has been found to decrease eosinophil counts, interleukin-8, and eosinophilic cationic protein [6] . In other studies the use of fluticasone with or without salmeterol was associated with changes in surfactant protein D but not with C-reactive protein or IL-6 levels [7] . A combination of inhaled fluticasone and salmeterol has been found to reduce the acidophilic airway inflammation over the course of two months. This change in the acidophilia was not associated with the degree of bronchodilator reversibility [8] . The interpretation of these studies is that there is a degree of inflammation associated with COPD that increases with the severity of COPD and with the risk of exacerbations. Treatment with ICS is variably associated with a decrease in these inflammatory markers.
Clinical Studies with Stable Patients
A number of studies have investigated the use of ICS in patients with stable COPD. The ISOLDE trial evaluated non-asthmatic patients with moderate to severe COPD, defined as patients with a forced expiratory volume in one second (FEV 1 ) \50 % of predicted normal. These patients were randomized to inhaled fluticasone or placebo and treated for a period of three years with the primary end point being improvement in the rate of decline of pulmonary function [9] . While the study did not reach its primary end point, analysis of secondary end points found that patients on ICS had fewer exacerbations and a slower decline in health status. In another study, treatment for a year with mometasone found that patients treated with ICS had a reduction in COPD symptom scores and an improvement in overall health status [10] . In contradistinction to the ISOLDE trial, treatment with ICS either once daily or twice daily was associated with improvement in pulmonary function. Similarly a shorter-term trial over the course of 12 weeks found that treatment with ICS was associated with an improvement in COPD symptom scores and pulmonary function although an effect on inflammatory cytokines was not seen [11] . Other studies have found that the effectiveness of ICS was related to baseline spirometric measures of severity. Inhaled fluticasone was associated with a reduction in COPD exacerbations in patients with moderate to severe disease but not in those with mild disease [12] . In a study of mortality, a review of an administrative database evaluated the effects of ICS on mortality among patients 3-12 months after hospital discharge for COPD. The use of ICS was associated with a 25 % reduction in mortality [13] . This reduction was most marked in the reduced number of cardiovascular deaths compared with patients receiving bronchodilators without associated steroid use.
Meta-Analysis of Monotherapy in Stable Patients
Various authors have conducted meta-analyses of studies evaluating the effect of ICS in stable patients. The ISEEC study was an evaluation of seven long-term, randomized controlled trials of ICS versus placebo of 12 months or more in duration. This study was limited to patients with moderate to severe COPD [14] . The authors found that over the course of the first six months after randomization the use of ICS was associated with a significant beneficial effect on FEV 1 . The effects were most dramatic in former smokers compared with current smokers and women in this study had a better response to ICS compared with males. A Cochrane review evaluated 55 primary studies that compared any ICS with placebo among patients with COPD [15 •• ] . Similar to the results of the ISOLDE trial, this meta analysis did not find a consistent reduction in the rate of decline of pulmonary function over more than six months. There was no overall change in mortality. The long-term use of ICS was associated with a reduction in exacerbations and an improvement in the rate of decline of quality of life. The response to ICS was not predicted by oral steroid response, bronchodilator reversibility, or bronchial hyper responsiveness.
Guidelines on the Use of Monotherapy
The results of these studies have been incorporated into various society or other guidelines. The Global initiative for chronic Obstructive Lung Disease (GOLD) does not recommend long-term monotherapy with ICS. They also find that there is no rationale for determining whether ICS should be used on the basis of responsiveness to oral corticosteroids [ 
Combination Treatment with Long-Acting BetaAgonists
The cornerstone of treatment with ICS is in their combination with long-acting beta agonists. The TRISTAN trial was a large multi-national trial involving the use of the combination of salmeterol and fluticasone over the course of 12 months [18] . Combined therapy led to significantly greater improvement in pre-treatment pulmonary function compared with either placebo or monotherapy with either salbuterol or fluticasone. There was a significant improvement in overall health status and in daily symptoms. There was also a reduction in exacerbation rate compared with placebo but not compared with monotherapy with either salbuterol or fluticasone. A three-month comparison of longterm, long-acting beta agonists (LABA) with or without ICS found that pulmonary function and walking distance was greatest for patients treated with combination therapy [19] . A study of an administrative database of patients involved with a managed care program found that use of the combination of an ICS with a LABA compared with any other inhaled maintenance strategy was associated with fewer subsequent hospitalizations or ED visits over the coming year [20] . Addition of the combination of an ICS with a LABA to treatment with an anticholenergic inhaler has been associated with a decrease in exacerbations over a threemonth time period [21] . Although ICS is generally associated with long-term treatment effects, several studies have found that addition of an ICS has been associated with an increase in the speed of effectiveness of bronchodilators. Over the course of 60 min addition of an ICS to formoterol was associated with more rapid improvement in pulmonary function [22] . Another study compared the combination of LABA and an ICS against placebo, LABA alone, or ICS alone over the course of three years with the primary end point of death from any cause. There was no significant difference in overall mortality. This study did find a decrease in the annual rate of exacerbations and an improvement in spirometry for all of the comparisons with a placebo [23] . Several studies have evaluated the effects of withdrawal of the ICS component of a combination ICS and LABA treatment. One study which allowed for a four-month running trial period on an ICS evaluated the effectiveness of withdrawal of that ICS. This was associated with an increase in exacerbations and hospital admissions [24] . A similar study monitored the effects of one year withdrawal of an ICS after a three-month run-in period of combination treatment. This was associated with an increase in exacerbation rates, a worsening of patient symptoms, and a decline in pulmonary function [25] .
Meta-Analysis of Combination Therapy
A recent meta-analysis evaluated 14 studies which compared combination therapy with an ICS and a LABA compared with a LABA alone. These studies included nearly 12,000 patients [26] . Although there was significant heterogeneity among the studies, there was an improvement in health quality of life, dyspnea, pulmonary function, and use of rescue medication among patients with the combination therapy. There was no difference in the rate of hospitalizations or mortality.
Guidelines for Combination Therapy
Various groups and societies have generally recommended the use of combination therapy with an ICS and a LABA for patients with moderate to severe disease. The guidelines published by a collaboration of various pulmonary-related organizations has recommended the addition of a combination therapy for patients with stable COPD and a FEV 1 \60 % of predicted normal [17 • ]. The GOLD recommendations are to add combination therapy to patients at high risk of exacerbations [16 • ].
Adverse Effects
Inhaled corticosteroids are associated with a variety of adverse effects. Minor effects include candidiasis, which can be seen with the use of an ICS in other conditions, such as asthma. There have been concerns about the progression of osteoporosis with the use of ICS among patients with COPD. Analysis of data from the TORCH study did not find an increase in osteoporosis with the use of ICS. A similar analysis using an administrative database did not find an association between combination therapy with an ICS and the incidence of non-vertebral fractures [27, 28] . Data from various studies have found an association between ICS use and community-acquired pneumonia [29] . The incidence of pneumonia in patients receiving an ICS, however, is small compared with the incidence of exacerbations [30 • ]. An analysis from the TORCH study also found an increase in the incidence of pneumonia for patients receiving an ICS compared with those receiving a LABA alone [31] . Finally, several studies have evaluated the incidence of either new-onset diabetes, change in HbA1C, or hyperglycemia in patients receiving an ICS [32, 33] . The long-term use of ICS has been shown to be related in a dose-dependent manner to the development of cataracts [34] .
Conclusions
In summary, the use of ICS in combination with a longacting beta agonist is recommended for patients with moderate to severe COPD or those that are high risk for exacerbations. Monotherapy with ICS is generally not recommended for patients with COPD, in contrast with patients with asthma. The use of these medications may be associated with adverse effects. Monitoring for these side effects is warranted during long-term use.
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